This paper describes a generalized program for the analysis and design of plate cam and follower mechanisms using a graphic display
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Steps 2 through 5 are repeated until the design criteria are met.
Graphic display devices provide the ability to communicate with the computer in a natural way, without translation of the design data, and thus establish a meaningful man-machine interaction. A graphic display device connected on-line to a computer offers a medium by which the designer can enter design data in graphic form and cause the computer to display results on the graphics console screen. This is a decision point at which the designer at the console intervenes. The designer can make changcs by means of a light pen and other manual input features and redisplay the results.
The graphic mode of operation permits more design iterations per unit time. The benefits are reduced product development time, as a result of eliminating objectionable turnaround times, and better product quality, because of the additional design and analysis cycles.
Traditionally it has been necessary to develop complex programs that handle every possible situation. Now the design criteria can be specified at the graphics console, and the operator is asked for advice whenever errors or unusual conditions exist. The net result is that the machine alone no longer controls the flow of the program; the creativity of the designer has been incorporated into the system. This is of specific value to mechanical engineering design where the many variables may make mathematical solutions impractical. In many instances, the .graphics approach makes it possible for the mechanical engineer to save a significant amount of design time by selecting and assembling the various elements of solution on the display screen.
Recent advancements in computer technology are increasing the potential of computer graphics in mechanical engineering design.
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results.
Graphics cam design program
In cam' design problems, certain prescribed conditions must be fulfilled for a design to be acceptable, and more than one solution usually satisfies the requirements of a particular application. A straightforward procedure may not be available, and an optimunl design is only obtained after many t'rials, each with slightly different input data. In a computation center, this is a costly and timeconsuming operation. The graphics cam design program seeks to improve this situation by providing a fast man-machine interaction, whereby the designer may change the design, have the results displayed on the display screen, and manipulate the input parameters in various combinations until an acceptable cam-follower mechanism is obtained.
By showing the results in graphic form, the operator can quickly examine the overall characteristics of the resultant system and, take immediate action. Errors are easily detected, and time loss because of erroneous data is effectively minimized. Program checks and warning messages are available to guide the operator during the design operation and to indicat'e invalid conditions.
A high degree of flexibility is provided, since the program can handle almost every possible type of plate cam and associated follower mechanism. A n-ide selection of mot'ion curves permits t'he designer to specify any desired motion of a point of int'erest by synthesizing several curves into a displacement diagram.
Printed results may be delayed until the final design is obtained. The output may be directed to an x-y plotter or may be recorded on microfilm.
The cam design program presents five display formats, or panels, to the user. The five are called the cam design, linkage, dimensions, motion, and calculations panels.
The cam design panel is displayed first and redisplayed at appropriate times during the problem solution. Depending on his progress in solving the problem, the designer uses the cam design panel to request any of three functions. He can select the section of input data to be described initially and subsequently modified (by selecting the word LINKAGE, DIMENSIONS, or MOTION); he can select the computation program that computes and displays the results on the screen (by selecting the word CALCULATIONS) ; or he can request the results in final printed form (by selecting HARD-COPY OUTPUT). Neither CALCULATIONS nor HARD-COPY OUTPUT can be selected until all input parameters have been specified. Selecting CALCULATIONS on the cam design panel causes display of the calculations panel, which, in turn, shows the results of the computations on the screen.
The linkage panel enables the designer to describe the type of cam-follower mechanism desired. He specifies linkage characteristics by proper selection in subsequent subpanels that display the type of follower arm, the follower type, and the follower linkage type. Either of two types of follower arms can be selected: the pivoting type, in which the follower arm pivots about a fixed point, or the translating type, in which the follower arm is constrained to move in a straight line. Also, either of two types of followers can be selected: the roller type, which can be represented by a circle, and the flat-face type, which can be represented by a straight line. Four basic types of follower linkages are provided, as shown in Figure 1 . 
RETURN
displayed to alert the user that the phenomenon of undercut is present. Selection of the RETURN option on the lower part of the display causes the initial cam design panel to be redisplayed. All input data is saved after completion of the design, and the operator can change any input parameters and repeat the calculations, or he can proceed to an entirely different problem. If a design is satisfactory, the designer may point to HARD-COPY OUTPUT after RETURN from the calculations panel.
Choosing the HARD-COPY OUTPUT option causes the design results to be printed on the system on-line printer. Output information consists of tables of displacement, velocity, and acceleration of the point of interest, pressure angle, and radius of curvature of the follower path at specified degree intervals over the cam profile. Manufacturing information is also available in a cutting schedule at specified intervals. Output may be directed to a plotting device or to a film recorder. I t is possible to produce output on tape for a numerically controlled cutting machine by pressing a function key.
Summary comment
The experimental program described in this paper illustrates the feasibility of computer-aided mechanical design bv means of inter- 
